INTRODUCTION {#s1}
============

Since the first confirmed patient with coronavirus disease (COVID-19) was identified in Wuhan, China, in December 2019, the number of patients with COVID-19 has rapidly increased worldwide. In Japan, especially in densely populated Tokyo, the number of patients has far exceeded the capacity of hospitals designated for infectious diseases, and, as a result, non-designated hospitals began accepting patients with COVID-19 in early April 2020. Our hospital, Tokyo Medical and Dental University, Medical Hospital, located in the center of Tokyo, started accepting patients with COVID-19 from April 2, which was before the Japanese government declared a nationwide state of emergency amid the coronavirus outbreak on April 7. Our hospital provides medical care for patients with COVID-19 who require or are likely to require oxygen supplementation.

Resources for rehabilitation of patients with COVID-19 are limited, and no report has described the rehabilitation of moderate to severe COVID-19 patients in the acute phase. Guidelines on the management of COVID-19 in the acute hospital setting recommend physiotherapy only for patients with significant functional decline and/or at risk of intensive care unit-acquired weakness.^[@r1])^ One report recommended rehabilitation to prevent or to recover from post-intensive care syndrome only for patients who are projected to survive the acute respiratory phase.^[@r2])^ Our hospital did not plan to facilitate rehabilitation during the early phase in moderately or severely ill patients, but, rather, to provide rehabilitation for COVID-19 survivors. The reasons for this approach were to avoid hospital-acquired infections and to reduce the need for personal protective equipment (PPE). However, unexpectedly, we experienced two cases of acute pulmonary embolism (PE) during the early phase of treatment in patients with moderate COVID-19, suggesting the need for early rehabilitation intervention in patients with COVID-19. Because Japan did not experience an explosive increase of COVID-19 hospital admissions or a critical shortage of PPE, the timing of when to start rehabilitation interventions in COVID-19 patients needs to be determined.

However, data on the clinical features of patients with COVID-19 at risk of PE and the corresponding rehabilitation measures are currently limited. Recent studies have reported hypercoagulability and hyperinflammation in COVID-19 patients.^[@r3],[@r4])^ Although some reports have emphasized the importance of anticoagulation therapy in COVID-19 patients,^[@r5],[@r6],[@r7])^ none have discussed the role of early rehabilitation intervention. This study aimed to investigate the characteristics of patients with COVID-19 in Japan, particularly with respect to the risk factors for PE prior to rehabilitation intervention, and to evaluate the necessity of rehabilitation in the early phase of treatment.

MATERIALS AND METHODS {#s2}
=====================

Study Design and Subjects
-------------------------

This retrospective study included 51 consecutive patients with COVID-19 who were admitted to the Tokyo Medical and Dental University, Medical Hospital, Tokyo, Japan, between April 2, 2020, and April 23, 2020. [Figure 1](#fig_001){ref-type="fig"} illustrates the patient selection process. The diagnosis of COVID-19 was confirmed using real-time fluorescence reverse transcription polymerase chain reaction (RT-PCR) analysis of nasopharyngeal swabs (Cat No. 204445, QuantiTect Probe RT-PCR Kit, Qiagen, Hilden, Germany). All patients could perform full activities of daily living (ADL) before the infection. Data were collected from medical charts to analyze the patients' characteristics, including their risk of venous thromboembolism according to the guidelines of the British Thoracic Society 2003.^[@r8])^ Because hypercoagulability and hyperinflammation have been reported in patients with COVID-19, we compared coagulability and inflammation by sex and the severity of COVID-19 to identify risk factors for PE that can be used to determine the necessity of early rehabilitation intervention to prevent PE. Four patients who had been taking an anticoagulant were excluded from the evaluation of coagulability. In our hospital, invasive ventilation was performed with a 5-l/min oxygen mask when SpO~2~ decreased below 90%. However, there were some cases in which invasive ventilation was performed in advance because the possibility of the patient becoming severely ill was considered to be high based on computed tomography (CT) imaging results and the presence of underlying risk factors. Our hospital did not use noninvasive positive pressure ventilation because it can result in air leaks of 30 L/min, which increase the risk of aerosol transmission.

![ Patient selection flowchart.](prm-5-20200018-g001){#fig_001}

Measurements
------------

Blood test parameters, including white blood cell (WBC) counts, prothrombin time (PT), activated partial thromboplastin time (aPTT), fibrinogen (Fbg), and D-dimer levels, were measured using a CS-5100 automated coagulation analyzer (Sysmex Corporation, Kobe, Japan), whereas C-reactive protein (CRP) levels were measured using a LABOSPECT analyzer (Hitachi High-Tech Corporation, Tokyo, Japan).

Statistical Analysis
--------------------

The Mann-Whitney U test was used to compare clinical and demographic variables between the sexes, e.g., age, body mass index (BMI), and the time between symptom onset and diagnosis. This test was also used to compare blood test results such as WBC counts, prothrombin time-international normalized ratio (PT-INR), aPTT, Fbg, D-dimer, and CRP levels by sex and by the necessity of invasive ventilation. The chi-squared test was used to compare obesity, smoking history, diabetes, hypertension, and anticoagulant usage between the sexes. All statistical analyses were performed using the software EZR, which is a graphical user interface for R (The R foundation for Statistical Computing, Vienna, Austria).^[@r9])^ P\<0.05 was considered statistically significant. This study was quickly approved by the Research Ethics Committee of the Tokyo Medical and Dental University using a fast-track process. All procedures performed in this study were in accordance with the Declaration of Helsinki. Oral informed consent was obtained from all patients, and written informed consent was waived from the viewpoint of infection prevention.

RESULTS {#s3}
=======

Patient Characteristics
-----------------------

Of the 51 subjects, 38 were men and 13 were women. The median patient age was 54.0 (range: 41--63) years at the time of RT-PCR for severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) detection ([Table 1](#tbl_001){ref-type="table"}). The male patients had a significantly higher BMI than did the female patients. The male patients also tended to be older and to have higher rates of smoking history and diabetes than did female patients, although the differences were not significant between the two groups. The rates of hypertension and ongoing oral anticoagulant therapy were also not significantly different between the male and the female patients. The median time between symptom onset and diagnosis was 7 (range: 5--9) days in the entire group, with no significant difference between the male and female patients.

######  Patient clinical and demographic characteristics according to sex

                                                   Total               Male                Female              P-value^d^
  ------------------------------------------------ ------------------- ------------------- ------------------- ------------
  Age, years                                       54.0 (41--63)       55.0 (47--64)       35.0 (30--63)       0.0896
  Weight^a^, kg                                    72.0 (67.0--80.0)   75.0 (70.5--82.8)   49.5 (44.5--53.8)   0.000246
  Height^a^, cm                                    172 (165--178)      179 (173--190)      159 (156--159.8)    0.000203
  BMI^a,b^, kg/m^2^                                24.7 (21.8--26.4)   24.9 (23.7--26.5)   19.2 (17.6--21.2)   0.00820
  Time between symptom onset and diagnosis, days   7 (5--9)            7 (5--8)            8 (4--13)           0.479
                                                                                                               
  Smoking history^c^, %                            61.0                70.0                36.4                0.0504
  Diabetes, %                                      17.6                23.7                0                   0.0530
  Hypertension, %                                  31.4                34.2                23.1                0.455
  History of anticoagulant treatment, %            7.84                7.89                7.69                0.981

Data are presented as median (range).

^a^Among the 51 patients, body weight and body height data were available for only 33 patients (27 men and 6 women).

^b^Obesity is defined as BMI ≥25 kg/m^2^ according to the Japan Society for the Study of Obesity.

^c^Among the 51 patients, smoking history data were available for only 41 patients (30 men and 11 women).

^d^The P*-*values for baseline characteristics were calculated using the Mann-Whitney U test for comparison by sex. A chi-square test was used for obesity, smoking history, diabetes, hypertension, and history of intake treatment.

Comparison of Inflammation and Coagulability According to Sex
-------------------------------------------------------------

WBC counts were normal in both sexes. PT-INR and CRP, Fbg, and D-dimer levels were significantly higher in men than in women, whereas there was no significant difference in aPTT. Accordingly, hypercoagulability was more likely to be observed in male patients ([Table 2](#tbl_002){ref-type="table"}).

######  Blood test results on admission according to sex

  -------------------------------------------------------------------------------------------------
                         Total\              Male\               Female\             P*-*value^b^
                         (n=47)              (n=35)              (n=12)              
  ---------------------- ------------------- ------------------- ------------------- --------------
  WBC, ×10^3^/μl         5.70 (4.45--7.30)   5.90 (4.45--7.35)   5.45 (4.85--6.73)   0.502

  PT, s                  11.7 (11.0--12.6)   11.9 (11.2--12.9)   11.0 (10.5--11.6)   0.00967

  PT, %                  82.2 (73.0--89.9)   79.1 (71.5--86.2)   89.3 (84.1--96.4)   0.0142

  PT/INR                 1.12 (1.06--1.19)   1.13 (1.08--1.22)   1.06 (1.01--1.11)   0.0104

  aPTT, s                32 (29.6--35.5)     32.4 (30.8--35.6)   30.8 (28.2--32.4)   0.121

  Fibrinogen^a^, mg/dl   509 (407--578)      554 (494--609)      342 (282--435)      0.0000684

  D-dimer, μg/ml         0.76 (0.36--1.52)   0.92 (0.51--2.13)   0.38 (0.31--0.53)   0.013

  CRP, mg/l              6.06 (1.60--10.5)   7.72 (3.94--11.8)   0.38 (0.02--2.41)   0.0000992
  -------------------------------------------------------------------------------------------------

Data are presented as the median (range).

The median duration between symptom onset and diagnosis was 10 (range, 8--13) days.

^a^Fibrinogen data were obtained for only the 42 patients (30 men and 12 women) who underwent the test.

^b^The P-value for blood test results was calculated using the Mann-Whitney U test for comparison by sex.

WBC, white blood cell; PT, prothrombin time; INR, international normalized ratio; aPTT, activated partial thromboplastin time; CRP, C-reactive protein.

Comparison of Inflammation and Coagulability According to the Need for Invasive Ventilation
-------------------------------------------------------------------------------------------

The WBC count, as an indicator of inflammation, was normal in both groups (i.e., the 33 patients who did not undergo invasive ventilation vs. the 14 patients who did undergo invasive ventilation), but the CRP level was significantly higher in patients who needed invasive ventilation during treatment ([Table 3](#tbl_003){ref-type="table"}). PT-INR, aPTT, and D-dimer levels were also significantly higher in those who required invasive ventilation than in those who did not.

######  Blood test results on admission according to the need for invasive ventilation

  ---------------------------------------------------------------------------------------------------------------------------------------------
                         Total\              No need of invasive ventilation\   Needed invasive ventilation\   P*-*value^b^   Case 1   Case 2
                         (n=47)              (n=33)                             (n=14)                                                 
  ---------------------- ------------------- ---------------------------------- ------------------------------ -------------- -------- --------
  WBC, × 10^3^/μl        5.70 (4.45--7.30)   5.60 (4.30--7.20)                  6.25 (4.68--7.38)              0.569          5.50     5.9

  PT, s                  11.7 (11.0--12.6)   11.5 (10.6--12.1)                  12.7 (11.6--13.2)              0.00486        16.7     11.2

  PT, %                  82.2 (73.0--89.9)   72.9 (67.5--83.4)                  85.5 (79.0--95.7)              0.00453        47.8     85.6

  PT/INR                 1.12 (1.06--1.19)   1.10 (1.02--1.15)                  1.20 (1.11--1.24)              0.00468        1.53     1.08

  aPTT, s                32 (29.6--35.5)     31.3 (29.1--33.2)                  35.4 (33.6--37.7)              0.00627        32       33.9

  Fibrinogen^a^, mg/dl   509 (407--578)      463 (359--575)                     555 (535--573)                 0.0641         465      NA

  D-dimer, μg/ml         0.76 (0.36--1.52)   0.60 (0.34--1.34)                  1.21 (0.75--4.25)              0.0253         93       7.72

  CRP, mg/l              6.06 (1.60--10.5)   2.86 (0.39--9.30)                  9.28 (6.25--17.7)              0.00406        28.77    10.49
  ---------------------------------------------------------------------------------------------------------------------------------------------

Data are presented as median (range).

The period from onset to blood test on admission was 10 (8--13) days.

The median time between symptom onset and diagnosis was 5 (3--11) days.

^a^Fibrinogen data were obtained for only the 42 patients (31 among patients who did not need invasive ventilation and 11 among patients who required invasive ventilation) who underwent the test.

^b^The Mann-Whitney U test was performed between those needing and not needing invasive ventilation.

All 14 patients who required invasive ventilation were male.

Two Cases of Acute Pulmonary Embolism
-------------------------------------

The clinical course, including the sequential changes in D-dimer levels after admission, of the two patients who developed acute PE are summarized in [Fig. 2](#fig_002){ref-type="fig"}. The case details are presented below.

![ Changes in D-dimer levels after admission. (A) Case 1: Pulmonary embolism (PE) was found on contrast-enhanced CT on day 4, and the D-dimer level decreased after rivaroxaban 15 mg twice daily was started and intravenous administration of heparin (5000 units) on day 5. (B) Case 2: PE was diagnosed via contrast-enhanced CT on day 7, and the D-dimer level decreased after starting apixaban 20 mg daily on day 10.](prm-5-20200018-g002){#fig_002}

### Case 1

A moderately overweight 67-year-old man (BMI 25.1 kg/m^2^) who formerly smoked 100 cigarettes per day for 20 years presented with cough and fever that started 13 days prior to admission. He had been bedridden at home for more than 10 days since he had tested positive for SARS-CoV-2 at a nearby clinic. The day before the patient was admitted to our hospital, he sought a consultation at a public health center because of the onset of malaise, dyspnea, and dysgeusia. He was accordingly advised to visit our hospital. At admission, the patient's temperature was 36.6°C and the oxygen saturation was 84% on room air. Laboratory test results showed a normal WBC count (5.50×10^3^/μl) but elevated CRP (28.8 mg/dl) and D-dimer (93 µg/ml) levels. Contrast-enhanced CT performed on hospital day 4 for suspicion of PE based on the persistently high serum D-dimer level (72.2 µg/ml) revealed acute bilateral PE. Rivaroxaban 15 mg twice daily and intravenous heparin (5000 units) were administered on hospital day 5 and the D-dimer level gradually decreased ([Fig 2A](#fig_002){ref-type="fig"}). The patient did not require invasive ventilation during hospitalization.

### Case 2

An overweight 56-year-old man (BMI: 32.7 kg/m^2^) who had never smoked presented with malaise that had started 6 days prior to his visit to our hospital. The medical history included type 2 diabetes, hyperuricemia, dyslipidemia, and colostomy for rectal cancer. The patient tested positive for SARS-CoV-2 in an RT-PCR test at a local clinic 4 days prior to admission and he was referred to our hospital by the public health center. At admission, the patient's temperature was 37.5°C and the oxygen saturation was 93% on room air. On day 3, his oxygen level decreased to 90% with 2 l/min oxygen by nasal canulae with complaint of breathlessness on sitting. Contrast-enhanced CT on hospital day 7 because of the continuous high oxygen requirement revealed acute bilateral PE. The D-dimer level decreased after apixaban 20 mg daily was started on day 10. The patient did not require invasive ventilation during hospitalization.

DISCUSSION {#s4}
==========

In the current study, male patients tended to be older, have a higher BMI, and have higher rates of smoking history and diabetes than female patients. Previous reports have indicated that obesity, older age, smoking history, and diabetes are risk factors for severe COVID-19.^[@r10],[@r11])^ This implies that our male patients tended to have more risk factors for severe COVID-19 at baseline. Our findings showed that hypercoagulability and hyperinflammation were observed in patients with COVID-19, especially in men with high oxygen demand. Considering that inactivity is a risk for blood clots and PE regardless of the underlying disease,^[@r12],[@r13])^ early rehabilitation intervention in addition to anticoagulant therapy is recommended to prevent PE in patients with COVID-19. In this study, most of the infected patients were men (74.5%), less than half of whom had diabetes (23.7%) and hypertension (34.2%), which is consistent with the results of other recent reports.^[@r14],[@r15])^ The median age of the overall population was slightly higher (54.0 \[41--63\] years) than that in these previous reports (49 \[41--58\] and 47 \[35--58\] years, respectively). Considering that the aging population in Japan (i.e., citizens aged more than 65 years) is the largest worldwide, accounting for 28.1% of the Japanese population on October 1, 2018,^[@r16])^ in contrast with 10.9% in China and 16% in the United States,^[@r17])^ physical and pulmonary rehabilitation for elderly COVID-19 patients will be crucial to help maintain pre-hospitalization ADL performance levels.

When assessing clotting function and inflammatory markers, PT-INR, Fbg, and D-dimer levels increased in parallel with the CRP level, all of which were significantly higher in male patients than in female patients. Furthermore, hypercoagulability and hyperinflammation were observed in those who subsequently required invasive ventilation. These findings indicate that hyperinflammation and hypercoagulability are more likely to be observed in male patients who require more than 5 l/min oxygen during treatment. Because hypercoagulability is a cause of PE,^[@r18])^ the results of this study may imply that male patients who require oxygen supplementation are at a high risk of PE and should be prioritized for early mobilization. Nonetheless, some patients who did not require invasive ventilation also displayed hypercoagulability. Furthermore, the two patients who developed PE did not require invasive ventilation during hospitalization. Consequently, the promotion of early mobilization of patients with COVID-19 should not be limited to those with severe disease.

In this study, symptomatic PE occurred in 2 of 51 patients with COVID-19, yielding a prevalence rate of 3.9%. This is markedly higher than the prevalence of PE after total knee arthroplasty without chemoprophylaxis in the Asian population (0.01%).^[@r19])^ One of the reasons for this high prevalence of PE is unique to COVID-19 in that it causes hypercoagulability and hyperinflammation.^[@r3])^ Another possible reason is that patients with COVID-19 tend to move less because of dyspnea and the limited room space during self-isolation. The incidence of symptomatic PE, let alone asymptomatic PE, is likely to be higher than reported because the symptoms and signs of pulmonary embolism (dyspnea and coagulopathy) are difficult to distinguish from the signs and symptoms of COVID-19 itself.^[@r14],[@r20])^ Moreover, both contrast-enhanced CT for suspected PE and ultrasonography for venous thrombosis are likely to be avoided in COVID-19 patients to minimize infection transmission.

Evidently, the promotion of mobilization as well as anticoagulant therapy to prevent deep vein thrombosis (DVT) and PE are important. Currently, in our hospital, either apixaban or rivaroxaban is selected as an anticoagulant depending on each doctor's preference. Considering the high risk of hospital-acquired infections and the worldwide shortage of medical resources, including not only PPE but also physicians, nurses, and rehabilitation therapists, it is understandable that the guidelines for physiotherapy do not recommend affirmative intervention for patients with moderate to severe COVID-19. However, if medical resources are available, physiotherapy should be considered in all patients with COVID-19, regardless of the severity of the disease. Remote rehabilitation could be an option to prevent PE in patients with mild disease who do not require oxygen therapy or those who can fully perform ADL. Remote rehabilitation reduces both close contact with COVID-19 patients and the need for PPE. Another possible reason for not promoting rehabilitation in severe COVID-19 patients is that rehabilitation treatment options are quite limited for patients under invasive ventilation. Nevertheless, we believe that rehabilitation interventions should be promoted because physical rehabilitation from the onset of mechanical ventilation has been reported to be beneficial to patients' clinical outcomes.^[@r21])^

The risk management of PE in COVID-19 patients is especially important. The presence of DVT should be suspected in patients whose D-dimer and CRP levels are high. To minimize the risk of PE occurring as a result of DVT, the use of anticoagulant therapy and imaging examinations are crucial. Under normal circumstances, enhanced CT and ultrasound by vascular specialists are the first choices to rule out proximal DVT. However, the transfer of COVID-19 patients to the examination room carries a risk of transmitting infection. Therefore, we recommend the use of three-point compression ultrasonography by an attending physician in an isolation ward for COVID-19 patients with high D-dimer levels. Mousavi-Roknabadi et al.^[@r22])^ reported that three-point compression ultrasonography identified the presence of lower-extremity DVT with an accuracy of 96.4% in comparison with whole-leg compression ultrasound. Moreover, three-point compression ultrasonography showed high specificity regardless of the skill of the clinician performing the investigation.^[@r23])^ Furthermore, the short amount of time that is required to perform three-point compression ultrasound reduces the risk of transmission of infection.^[@r24])^

Our study has several limitations. First, this was a single-center, short-duration, retrospective, observational study. A future study covering a longer period is necessary to validate the risk and effect of mobilization for DVT and PE in COVID-19. However, although only a small number of patients were included in the analysis, we still believe that it is meaningful to reveal the clinical characteristics of patients with COVID-19 in Japan and share our lessons on the urgent need of rehabilitation. We are planning in the near future to report the outcomes of PE prevalence after we began rehabilitation in our hospital from April 24. Second, not all patients underwent contrast-enhanced CT to rule out PE, and therefore the true prevalence of PE in our hospital could have been higher. Third, although rehabilitation is recommended, it is unclear whether early rehabilitation is effective for preventing PE. Further study is necessary to determine whether early rehabilitation can prevent PE in COVID-19 patients.

In conclusion, the hypercoagulability and hyperinflammation observed in patients with COVID-19 predisposes them to PE. Early rehabilitation intervention is recommended not only to facilitate respiratory function and recovery from muscle weakness but also to prevent PE.

We thank all members of the Department of Integrated Pulmonology and Trauma and Acute Critical Care Center, Tokyo Medical and Dental University, for their dedicated treatment of patients with COVID-19.

**CONFLICTS OF INTEREST:** The authors declare that they have no conflict of interests.
